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[0001] This application claims the benefit of Korean Patent Application No. 2000- 
55990 filed on September 23, 2000, which is hereby incorporated by reference as if fully set 
forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a display device, and more particularly, to a 
homeotropic twisted nematic (HTN) mode LCD device that has muUiple domains, a wide 
viewing angle, and a rapid response time by applying photo-alignment to the HTN mode. 
Discussion of the Related Art 

[0003] With rapid development of information communication fields, the importance 
of manufacturing display devices that display desired information is increasing. 

[0004] A Cathode Ray Tube (CRT) is one of display devices can display various 
colors and has excellent screen brightness. CRTs have been mainly used for this purpose. 

[0005] However, with the need for a portable display device having a large sized 
screen and high resolution, it has been necessary to develop a flat panel display to take the 
place of CRTs, which have great weight and volume. Such flat panel displays are widely 
used in monitors for computers, spacecraft, and aircraft. 

[0006] Examples of flat panel displays include a liquid crystal display (LCD), an 
electroluminescent display (ELD), a field emission display (FED), and a plasma display panel 
(PDP). 

[0007] To obtain an ideal flat panel display, lightweight, high luminance, high 
efficiency, high resolution, rapid response time, low driving voltage, low power consumption, 
low cost, and natural color display characteristics are required. 
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[0008] Among these flat panel displays, LCD devices having thin and small sizes 
have been developed to a point where they can perform as flat panel displays. Therefore, a 
demand for the LCD devices is consistently increasing. 

[0010] A related art LCD device will be described in detail with reference to the 
accompanying drawings. 

[0011] FIG. 1 is a sectional view showing an alignment direction of a Uquid crystal in 
a mono-domain (single domain) homeotropic twisted nematic (HTN) mode LCD device. 

[0012] FIG. 2 is a plan view showing the alignment direction of the liquid crystal in 
the related art mono-domain HTN mode LCD device. 

[0013] Alignment films 13a and 13b are formed on two glass substrates 11a and lib, 
and then the liquid crystal 15 is aligned perpendicular to the glass substrates between the 
glass substrates. 

[0014] For reference, FIG. 2 shows the direction of the liquid crystal of upper 
substrate (an arrow of a soUd line) and lower substrate (an arrow of a dotted line) on a panel. 

[0015] In a general HTN mode, the initial alignment direction of the liquid crystal 
molecules is perpendicular to the glass substrate. At this time, if an extemal voltage is 
applied, the direction of the liquid crystal molecules varies with a direction perpendicular to 
an electric field induced by the applied voltage, thereby causing a twisted alignment structure 
in the liquid crystal. 

[0016] A twist angle does not correspond exactly with an alignment angle. The twist 
angle can be adjusted according to a concentration of a chiral dopant added to the liquid 
crystal. However, adjustment of the twist angle is limited by the concentration of the chiral 
dopant. Accordingly, the viewing angle and color characteristic of the HTN mode LCD 
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device is not better than that of a general twisted nematic (TN) mode LCD device. However, 
since the initial alignment direction of the liquid crystal molecules is perpendicular to the 
glass substrates, the rapid response time equivalent to that of a vertical alignment mode (VA 
mode) can be obtained. 

[0017] FIG. 3 shows the alignment direction of the liquid crystal in a multi-domain 
LCD device using UV alignment. 

[0018] In the multi-domain LCD device, the initial alignment direction of the liquid 
crystal molecules is parallel to the glass substrates. The alignment direction of an alignment 
film is adjusted by using ultraviolet rays, thereby obtaining the multi-domain. As shown in 
the drawing, the alignment directions of the liquid crystal molecules on the upper substrate in 
two adjacent domains correspond to each other. The alignment directions of the liquid 
crystal molecules on the lower substrate in two adjacent domains are different from each 
other. By irradiating UV rays using a mask, multiple domains, such as two domains and four 
domains, can be obtained. For reference, FIG. 3 shows two domains. 

[0019] To obtain the alignment direction shown in FIG. 3, the upper and lower 
substrates are respectively irradiated with UV rays twice. 

[0020] However, the related art LCD device has the following problems. 

[0021] First, the mono-domain HTN mode LCD device obtains the rapid response 
time, however, a wide viewing angle cannot be achieved due to the twist angle of the liquid 
crystal molecules. 

[0022] Moreover, the multi-domain LCD device using the UV alignment film can 
achieve a wide viewing angle, however, the response time is slow, and process steps of 
irradiating UV rays are repeatedly performed to obtain the multi-domain. 
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SUMMARY OF THE INVENTION 
[0023] Accordingly, the present invention is directed to an HTN mode LCD device 
that substantially obviates one or more problems due to limitations and disadvantages of the 
related art. 

[0024] An object of the present invention is to provide an HTN mode LCD device 
that obtains simultaneously a wide viewing angle of a multi-domain and a rapid response 
time of the HTN mode by applying a UV alignment film to the HTN mode. 

[0025] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned firom practice of 
the invention. The objectives and other advantages of the invention may be realized and 
attained by the stmcture particularly pointed out in the written description and claims hereof 
as well as the appended drawings. 

[0026] To achieve these objects and other advantages and in accordance with the 
purpose of the invention, as embodied and broadly described herein, an HTN mode LCD 
device includes first and second substrates, a first aUgnment film on the first substrate, the 
first alignment film having at least two domains and having a different alignment direction in 
the domain, a second alignment film on the second substrate, having the same alignment 
direction in the domain, and a liquid crystal layer between the first and second substrates, the 
liquid crystal layer having a twist angle of about 40 to 90 degrees and a tilt angle of about 80 
to 90 degrees. 
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[0027] In another aspect of the present invention, an HTN mode LCD device is 
provided, which has a rapid response time of the HTN mode by applying the HTN mode to a 
UV aUgnment technique, and obtains multi-domain by applying the UV alignment technique. 

[0028] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as claimed. 

BRTEF DESCRIPTION OF THE DRAWINGS 
[0029] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
application, illustrate embodiment(s) of the invention and together with the description serve 
to explain the principle of the invention. In the drawings: 

[0030] FIG.l is a sectional view showing an alignment direction of a liquid crystal 
molecules in a related art HTN mode LCD device; 

[0031] FIG.2 is a plan view showing the alignment direction of the liquid crystal 
molecules in the related art HTN mode LCD device; 

[0032] FIG.3 is a plan view showing the alignment direction of the liquid crystal 
molecules in a multi-domain LCD device using a related art photo-alignment; 

[0033] FIG.4 is a sectional view showing the alignment direction of the liquid crystal 
molecules in the HTN mode LCD device of the present invention; 

[0034] FIG. 5 is a plan view showing the alignment direction of the liquid crystal 
molecules within an adjacent domain according to the HTN mode LCD device of the present 
invention; 
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[00351 FIG. 6 is a graph showing changes of a twist angle and a tilt angle depending 
on a cell gap according to the HTN mode LCD device of the present invention; 

[0036] FIG. 7 is an iso-contrast curve according to the HTN mode LCD device of the 
present invention; 

[0037] FIG. 8 shows a gray inversion region according to the HTN mode LCD device 
of the present invention; and 

[0038] FIG. 9 shows luminance depending on an angle of each gray level according 
to the HTN mode LCD device of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0039] Reference will now be made in detail to the preferred embodiments of the 

present invention, examples of which are illustrated in the accompanying drawings. 

[00401 FIG. 4 shows an initial alignment direction of liquid crystal molecules 

according to an HTN mode LCD device of the present invention. FIG 4 shows two domains, 

as an example. 

[0041] As shown in FIG. 4, the HTN mode LCD device includes first and second 
substrates 31 and 41, first and second alignment films 33 and 35 formed respectively on the 
first and second substrates 31 and 41, and a liquid crystal 37 formed between the first and 
second alignment films 33 and 35. 

[0042] At this time, both the first and second alignment fihns 33 and 35 may be 
formed of UV alignment films. Or, the second alignment film 35 may be formed of the 
photo-alignment film, and the first alignment film 33 may be formed of organic or inorganic 
alignment films. 
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[0043] In the HTN mode LCD device of the present invention, the aUgnment 
directions of the liquid crystal molecules at the first substrate 31, two adjacent domains 
correspond to each other, while the alignment directions of the Uquid crystal molecules in the 
two adjacent domains are different firom each other at the second substrate 41. At this time, a 
direction of the liquid crystal molecules in the middle layer between the first and second 
substrates 31 and 41 is influenced by the direction of the liquid crystal molecules adjacent to 
the second substrate 41. The direction of the liquid crystal molecules adjacent to the second 
substrate 41 is adjusted to control the direction of the liquid crystal molecules in the middle 
layer, thereby obtaining a wide viewing angle. 

[0044] The process steps will be described in detail. 

[0045] In an alignment structure of FIG. 4, when using the liquid crystal for vertical 
alignment, a right-handed chiral dopant is added. If a voltage is applied, the liquid crystal 
molecules are twisted in the direction indicated by an arrow shovm within a domain of Fig. 5. 
That is, the twist directions of the liquid crystal molecules are correspondingly diagonal in 
two domains (toward black dots), so that the viewing angle is compensated, thereby obtaining 
the wide viewing angle. 

[0046] If the right-handed chiral dopant is not added for vertical alignment of the 
liquid crystal molecules, the alignment direction of the liquid crystal molecules in any one 
domain is formed to the left, so that the viewing angle cannot be compensated. 

[0047] As shown in FIG. 4, when a specific voltage is applied, the liquid crystal 
molecules are aligned so that tilt angles of the liquid crystal are spatially similar in the two 
domains, while the twist angles are different in the middle layer of the liquid crystal. 
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[0048] A detailed method for obtaining the rapid response time and the wide viewing 
angle in the HTN mode LCD device of the present invention will be described. 

[0049] In a method for adjusting a twist angle of a liquid crystal when a voltage is 
applied to an HTN mode LCD device, a twist angle is adjusted, so that a wide viewing angle 
and a rapid response time can be obtained even though it is the HTN mode. 

[0050] In order to adjust the twist angle of the liquid crystal molecules, a 
concentration of a dopant added to the liquid crystal is adjusted, and an alignment angle 
between first and second substrates is adjusted so that the twist angle and direction of the 
liquid crystal can be adjusted. The twist angle of the liquid crystal of the present invention is 
adjusted to an angle of about 40 to 90 degrees (preferably at the angle of about 70 to 90 
degrees). 

[0051] In the general TN mode that the liquid crystal molecules are aligned parallel to 
the substrates. In such TN construction, the twist angle is small, which is advantageous to the 
viewing angle. Therefore, the alignment angle is usually reduced. However, in the HTN 
mode LCD device of the present invention, the alignment angle is increased to increase the 
twist angle. At this time, the twist angle is appropriately adjusted considering reliability of 
the alignment. 

[0052] A method for adjusting a twist angle of a liquid crystal in the middle layer is 
provided in such a manner that the twist angle of the liquid crystal molecules in the middle 
layer is adjusted, thereby obtaining a wide viewing angle. At this time, a tilt angle of the 
liquid crystal molecules on a lower substrate is adjusted to control the tilt angle of the liquid 
crystal molecules in the middle layer. 
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[0053] In FIG.4, angles "c" and "b"of the liquid crystal molecules in the middle layer 
are controlled by adjusting angles "d" and "e" of the liquid crystal molecules adjacent to the 
second substrate 41. The liquid crystals in the middle layer are influenced by movement of 
the liquid crystals adjacent to the second substrate 41. Accordingly, to obtain the wide 
viewing angles "d" and "e" of the liquid crystal molecules adjacent to the second substrate 41 
are adjusted in such a way that the tilt angles of the liquid crystal molecules in the middle 
layer are similar to the tilt angles of the liquid crystal molecules adjacent to the first substrate 
31. 

[0054] If the angles "d" and "e" are about 80 degrees or less, light leaks in a black 
state according to a characteristic of a parallel alignment. Therefore, in another embodiment 
of the present invention, the tilt angles of the liquid crystal molecules in the middle layer are 
about 80 degrees or more (preferably, between about 80 degrees and about 90 degrees). 

[0055] When a voltage is applied to a liquid crystal, surface anchoring energy of the 
liquid crystal molecules and bulk force of the liquid crystal molecules attract each other. At 
this time, if the anchoring energy is powerful, movement of liquid crystal molecules is 
relatively weak. 

[0056] Unlike general TN mode devices, an HTN mode LCD device has a twisted 
structure if voltage is applied. Therefore, as the anchoring energy is more powerful, the twist 
angle is smaller. Accordingly, a photo-alignment film having weak anchoring energy is used 
in the HTN mode LCD device of the present invention, so that the twist angle of the liquid 
crystal molecules is increased when the voltage is applied. The increased twist angle is 
appropriate to a structure of the HTN structure. 
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[0057] The aforementioned three methods are applied to the HTN mode LCD device 
of the present invention, in which the twist and tilt angles of the liquid crystal molecules are 
adjusted, and wide viewing angle is obtained in the HTN mode LCD device by using the 
alignment film having the weak anchoring energy. Also, a process for obtaining the wide 
viewing angle is simplified by using photo-alignment film as the alignment film. 

[0058] At this time, the photo-alignment film can be simultaneously formed on the 
first and second substrates, or only on the second substrate. As shown in FIG. 4, the 
alignment direction of the liquid crystal in two adjacent domains correspond to each other. 
Therefore, the process for irradiating UV rays is performed 3 times: once on the first 
substrate and twice on the second substrate, if the first and second substrates 31 and 41 are 
simuhaneously formed. The light includes non-polarized light, unpolarized light, linearly 
polarized light or partially polarized Ught. 

[0059] In a case where the photo-alignment film is only formed on the second 
substrate, polyimide is deposited on the first substrate and rubbed, and then only the second 
substrate is irradiated with UV rays at least twice. 

[0060] For reference, FIG. 6 shows the twist (Phi) and tilt (Theta) angles according to 
a cell gap of an HTN mode LCD device of the present invention. "A" is an angle of domain- 
1, and "B" is an angle of domain-2. 

[0061] In FIG. 6, it is shown there is a portion that "A", the tilt angle of domain- 1, 
corresponds to "B", the tilt angle of domain-2. 

[0062] FIG. 7 shows an iso-contrast curve according to the HTN mode LCD device of 
the present invention. In the iso-contrast curve, good contrast characteristic is shown based 
on a contrast value of "10". FIG. 8 shows a gray inversion region according to the HTN 
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mode LCD device of the present invention, in which the gray inversion regions are not 
generated except in upper regions in the middle. 

[00631 FIG. 9 shows the respective luminance depending on gray level according to 
the HTN mode LCD device of the present invention. It is noted eight levels are almost 
equivalent. It is also noted that the luminance of an upper level is not mostly overlapped with 
the luminance of a lower level. 

[0064] As aforementioned, the LCD device of the present invention has the following 

advantages. 

[0065] First, in the LCD device of the present invention, the rapid response time of 
the HTN mode can be obtained. Also, the wide viewing angle can be obtained by adjusting 
the tilt and twist angles of the liquid crystal and by using the alignment film having low 
anchoring energy. 

[0066] Furthermore, in the LCD device of the present invention, photo-alignment is 
used, so that the process of irradiating light can be reduced by once or twice. Therefore, the 
process is simplified. 

[0067] The foregoing embodiments are merely exemplary and are not to be construed 
as limiting the present invention. The present teachings can be readily applied to other types 
of apparatuses. The description of the present invention is intended to be illustrative, and not 
to limit the scope of the claims. Many alternatives, modifications, and variations will be 
apparent to those skilled in the art. 
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